The apparent absorbancy of suspensions of stationary-phase cells of Streptococcus lactis strain 354/07 decreased immediately after being placed in fresh media. This optical effect also occurred in defined mixtures of buffer glucose and KCI. CaC12 caused the absorbancy to increase. CaCl2 and KCI together had about the same effect as KCI alone. SrCl2 could replace CaCl2, but it was less effective by a factor of 102. MnCl2, MgCl2, and NaCI were without effect. The absorbancy did not change when cells were first killed by p-chloromercuribenzoate or when the reaction was carried out at 0 C. The rate of the reaction was dependent on temperature and concentration of glucose and salts. Gradient centrifugation suggests that this optical effect was caused by change in the refractive index of the test organism rather than by change in volume. Nine other organisms representing four additional genera gave the same optical effect as S. lactis 354/07. Two other organisms reacted feebly whereas another strain of S. lactis reacted in the opposite way, the absorbancy of the suspension increasing instead of decreasing. Spores of Bacillus cereus did not respond. More recently, Marquis (14) found that whole organisms and cell walls of Bacillus megaterium swelled or shrunk according to the pH value and the ionic strength of the suspending medium. Marquis considered that these changes were not so much due to osmotic effects as they were to the amphoteric cell wall polymers; their proton content and consequently the electrostatic attractions or repulsions were affected by the pH value and the ionic strength of the environment.
The apparent absorbancy of suspensions of stationary-phase cells of Streptococcus lactis strain 354/07 decreased immediately after being placed in fresh media. This optical effect also occurred in defined mixtures of buffer glucose and KCI. CaC12 caused the absorbancy to increase. CaCl2 and KCI together had about the same effect as KCI alone. SrCl2 could replace CaCl2, but it was less effective by a factor of 102. MnCl2, MgCl2, and NaCI were without effect. The absorbancy did not change when cells were first killed by p-chloromercuribenzoate or when the reaction was carried out at 0 C. The rate of the reaction was dependent on temperature and concentration of glucose and salts. Gradient centrifugation suggests that this optical effect was caused by change in the refractive index of the test organism rather than by change in volume. Nine other organisms representing four additional genera gave the same optical effect as S. lactis 354/07. Two other organisms reacted feebly whereas another strain of S. lactis reacted in the opposite way, the absorbancy of the suspension increasing instead of decreasing. Spores of Bacillus cereus did not respond.
Streptococcus lactis strain 354/07 was used to investigate the biochemical events that occurred when new growth was initiated on subculture. One of the early events was the apparent disappearance of the basic protein antibiotic nisin (11) . The disappearance of antibiotic activity seemed to be connected with the uptake of calcium (12) . Uptake of calcium could be expected to alter the optical properties of cell suspensions, which may afford an easy means of following the events connected with the initiation of growth. Uptake and loss of calcium are also well known to be connected with sporulation and spore germination. The latter can be followed by changes in the absorbance of suspensions, and these considerations prompted us to use More recently, Marquis (14) found that whole organisms and cell walls of Bacillus megaterium swelled or shrunk according to the pH value and the ionic strength of the suspending medium. Marquis considered that these changes were not so much due to osmotic effects as they were to the amphoteric cell wall polymers; their proton content and consequently the electrostatic attractions or repulsions were affected by the pH value and the ionic strength of the environment.
This report shows that when suspensions of stationary-phase cells of S. lactis 354/07 were put into complex media, the absorbance rapidly diminished. This effect was not due to growth, since it occurred in a few minutes, nor was it directly due to the tonicity of the medium. The fall in absorbancy occurred in a simple reaction mixture consisting only of buffer containing KCI and glucose.
MATERIALS AND METHODS
Media and culture conditions. The two media (22 and LTB) previously described were used for growing the bacteria (9) . The cultures were grown overnight in a water bath at 30 C without agitation.
Test organisms. The principal organism used in this work was the nisin-producing strain of S. lactis 354/07 (National Collection of Dairy Organisms no. 497).
Preparation of suspensions. Overnight cultures of S. lactis 354/07 were centrifuged and washed twice in distilled water, 10% sucrose, or 9.5% sucrose con-taining 50 mm tris(hydroxymethyl)aminomethane (Tris) buffer (pH 7.2). The cells were resuspended in the solutions in which they were washed to give an absorbance of 1.0 at 600 nm when diluted 1:10. For example, 100 ml of overnight culture gave 14 ml of suspension in distilled water; the cell dry weight of this suspension was about 3.7 mg/ml. A 0.3-ml amount of this suspension was added to 2.7 ml of media or reaction mixture in 1-cm cuvettes. The composition of the reaction mixtures used in each experiment is specified in Results.
The optical response of other organisms was tested in a manner similar to the tests with S. lactis 354/07. Stationary-phase cells were twice washed in distilled water. They were adjusted so that when 0.3 ml was added to 2.7 ml of reaction mixture in a 1-cm cuvette, the absorbancy was 1.0 at 600 nm. The reaction mixture consisted of 50 mM Tris buffer (pH 7.2), 55 mm glucose, 50 mm trisodium citrate, and 40 mm KCI.
Optical effect was studied in an SP800 double-beam spectrophotometer. The sensitivity of the instrument was increased 10-fold by connecting it to an SP20 slave recorder (Unicam Intrument Co., Cambridge, England). The controls consisted of reaction mixtures plus washing fluid but minus bacteria. Cuvettes were housed in a jacketed chamber connected to a constant-temperature water bath at 30 C.
Osmotic pressures were measured using a model G-62 freezing-point depression apparatus (Fiske Associates Inc., Bethel, Conn.) The apparatus was standardized by using NaCl solutions [0.3089% (w/w) was 100 miliosmoles and 1.593% (w/w) was Gradient centrifugation. Gradients were prepared by the method of Britten and Roberts (4). The chambers in which the gradients were made were drained by a 0.21-cm (inside diameter) outlet tube to permit the flow of viscous solutions. Sucrose was not used because of the high osmotic pressures associated with concentrated solutions. Ficol (Pharmacia, Inc., Uppsala, Sweden) was used instead. Approximately 70% (w/v; high density) and 15% (w/v; low density) solutions were made in 50 mm Tris buffer (pH7.2) by gentle stirring and heating. Accuracy in the preparation of high-density Ficol solutions was not attempted because of high viscosity. Instead, the density of the resulting solutions was measured with a high-accuracy Abbe 60 refractometer (Bellingham and Stanley Ltd., London, England). Gradients were centrifuged at 0 C for up to 100 min at 1,300 X g in swing-out buckets. They were then fractionated into 3 drops per tube; 2 drops was used in the Abbe refractometer to measure the density of the fraction. One drop was diluted with 3 ml of distilled water and used for measuring the absorbance at 280 nm (SP 500, Cambridge Instrument Co., England). This gave the approximate protein content of the fraction.
RESULTS
Qualitative experiments with Streptococcus lactis strain 354/07 growth media. Figure 1A Cells from an overnight culture were twice washed in distilled water and the absorbancy was adjusted so that 0.3 ml ofcell suspension in 2.7 ml ofmedium 22 or 2.7 ml ofreaction mixture was 1.00 at 600 nm. At this absorbancy a recorder was set to 0 (ordinate) and the experiment was started. Figures on the ordinate are millimeters of travel of the recorder. A = medium 22; B = reaction mixture consisting of 50 mM Tris buffer (pH 7.2), 55 mM glucose, 50 mm Nas citrate, and 2.5 M KCl. All measurements were made at 30 C. curred when a suspension of S. lactis cells was placed into medium 22. The fall in the apparent absorbance value corresponded to about 10% of the original and lasted about 9 min; it was then followed by a rise in the apparent absorbance.
When the cells were first killed with 0.04% (w/v) Merthiolate (an organic mercurial made by Eli Lilly & Co., Basingstoke, England) or 10-5 M p-chloromercuribenzoate (PCMB), the decrease in absorbance was no longer observed. When PCMB was added to the medium, the decrease was obtained for about the first 3 min, which seems to be the permeation time of PCMB.
Nongrowing media: effect of CaC12 and KCI. It was found that the decrease in absorbance could be obtained in the salts solution of Hurst (9), provided that glucose was present. Omitting one constituent at a time showed that the two important salts of the mixture were CaCl2 and KCl, and in later experiments a new reaction mixture was used which contained only Tris buffer (50 mM, pH 7.2) and variable amounts of glucose, KCl, and CaCl2 . Trisodium citrate (50 mM) was included when the effect of KCl alone was measured. Figure 1B shows the effect of 2.5 M KCl in this reaction mixture.
The effect was not given by distilled water, Tris alone, or Tris plus KCl ( Fig. 2A) . Tris, glucose, and KCl all had to be present (Fig. 2E ). Glucose plus Tris or CaCl2 plus Tris caused a slight rise in absorbance (Fig. 2B) . Tris plus CaCl2 plus glucose gave a big increase in absorbance (Fig. 2C) KCl, after a delay of about 1 min, the KCl reaction occurred as though CaCl2 was not present (Fig. 20) .
Effect of other salts. NaCl, MgC92, and MnCl2 did not cause a decrease in the apparent absorbancy. SrCI2 had the same effect as CaCI2 , but it was less effective by a factor of 102.
Effect of growth media. Stationary-phase cells of S. lactis 354/07 gave the effect irrespective of the medium from which the culture was derived ( Table 1) .
Effect of washing procedure and osmotic pressure of the environment. Although the reactions so far described appeared to have the characteristics of energy-driven processes requiring living cells, it was possible that the decrease in absorbance observed was due to an osmotic response causing swelling or shrinkage of cells. Change in cell size depends on the osmotic pressure difference between the outside and the inside of the cell and, as Table 1 shows, the outside osmotic pressure was varied over a considerable range. There was no systematic relationship between the change in absorbance and the osmotic pressure of the medium or the composition of the suspending fluid in which the cells were washed. The LTB medium had only about two-thirds the osmotic pressure of medium 22, yet both media yielded cells giving decrease in absorbance. This was also obtained irrespective of the washing agent. Indeed, the quantitative response of 10% sucrosewashed cells (8.3 Kinetic studies with S. lactis 354/07: effect of temperature on the optical effect. The effect of temperature was tested at intervals of 5 C from 20 to 70 C. (The decrease in absorbance did not occur at 0 C.) The experiment was started when the prewarmed reaction mixture (2.7 ml) was mixed with the 0.3 ml of cell suspension at room temperature. The difference between the maximum absorbance (about zero-time) and the absorbance after an arbitrary time was read off the recorder tracing. In Fig. 3 , this was at 2 min and is referred to as A2. The reciprocal of this value (1/A2) was linearly related to the reciprocal of temperature from 20 to 55 C; linearity then ceased, suggesting that heat denaturation was occurring (Fig. 3) .
Effect of glucose concentration. Glucose concentrations from 200 mm to 3 ,M affected the absorbance of the cell suspensions. When the reciprocal of the difference between maximal and minimal extinction values at 4 min (1/A4) was plotted against the reciprocal of molarity, a straight-line response was obtained between 30 and 550 gM glucose (Fig. 4) . The kinetics of temperature and glucose studies suggest that they are concerned in enzyme action.
Effect of KCI concentration. Figure 5 shows that KCl concentration also affected the absorbance over a wide range of concentration (0.05 to 10,000 Ag/ml as K+, the highest concentration tested). Plot of log A4 against log mm KCI gave straight lines up to 640 mm KCl, but straight lines could not be obtained in Lineweaver-Burk plots.
Effect of CaCJ2 concentration. Whereas KCI caused a decrease in absorbance, CaCl2 caused the extinction to rise. Ca2+ was effective at 90 to 9,000 ,ug/ml (the highest concentration tested). No system of plotting of effect (A4) against concentration of CaCI2 was found which revealed a linear relationship (Fig. 6) . Whereas the data of KCI reaction are compatible with a second- (9) and 55 mM glucose. Cells were prepared as in Fig. 1. order reaction, the CaCl2 results are even more complex and suggest reactions at many sites.
Density gradient centrifuging of whole cells of S. hctis 354/07. Cells which had been treated for 10 min in the complete reaction mixture (e.g., Fig. IB ) and which had a lower absorbance than untreated cells could be swollen cells. It was possible that swollen cells had a lower density than normal cells, in which case treated and untreated cells might be distinguished by gradient centrifugation.
Under the conditions used, untreated cells required 100 min of centrifugation time to reach density equilibrium. However, the maximal time for which treated cells could be centrifuged was 30 min; if the centrifugation time was increased beyond this, they appeared to disintegrate. For this reason, gradient centrifugation experiments were not continued beyond 30 min; the results of one such experiment are shown in Fig. 7 . Table 2 is the average data derived from three, separate, gradient centrifugation experiments. For calculation, the organism was assumed to be a perfect prolate ellipsoid in revolution (3). The length and breadth are averages of six separate measurements from electron micrographs of thin sections. It was further assumed that the length of the organism gram-positive and gram-negative organisms give an optical effect. Although osmotic pressure undoubtedly affects the quantitative response, it was not the primary process; the process required living cells but occurred in nongrowing media containing only buffer, an energy source (glucose), and KCI. The process was temperaturedependent and resembled the K+ effect on mitochondria. K+ transport and retention in streptococci is known to be important (7, 21) , possibly connected with energy pathways. K+ transport could be one of the first reactions after subculture (Fig. 1 ). However, a wide variety of organisms (although not all) gave decreased absorbancy when placed into the reaction mixture.
The importance of CaCl2 is not well understood in bacteria. In the sporulation process, Cal+ is known to be involved with structures contributing to heat resistance (16) . Calciumdeprived cells of Rhizobium trifolli are swollen but osmotically stable (8) . The electrophoretic mobility of calcium-adequate cells and calciumdepriveci cells was the same. Hurst (11) showed that Ca++ is somehow connected with the inactivation of nisin, which always occurred before growth was initiated after subculture. These results, as well as the complex relationships shown in Fig. 6 , suggest that Ca++ can act at a number of sites, fulfilling structural and other roles.
Nisin is a basic protein chiefly associated with the wall or membrane (19) ; nonantibiotic-producing strains of S. lactis appear to contain nisin-like proteins (10) . Cyclic antibiotics have been suggested to act as cation carriers (1), and it is tempting to think that this is the primary function of nisin and other membrane-or wallbound, low-molecular-weight basic proteins. Vinter and Strastna (18) and Vinter (personal communication) have noted that basic peptides, including nisin, converted outgrowing spores of B. cereus back to the refractile forms.
